Objectives: To analyse OXA-48 (OXA-48/181)-type carbapenemase-producing Enterobacteriaceae reported in Poland from 2013 until January 2017.
Introduction
Carbapenemase-producing Enterobacteriaceae (CPE), including those with OXA-48-type enzymes, contribute greatly to the global crisis in antimicrobial chemotherapy. 1 OXA-48 was identified first in 2001 in Turkey, 2 and soon most of the south-east Mediterranean region became endemic for producers of this enzyme. 1, 2 Another large reservoir is the Indian subcontinent where organisms with the related OXA-181 have spread. 1, 3 Widespread travel and migration are at the origin of the increasing presence of OXA-48/181 types in Europe. 1, 2, 4 The enzymes confer resistance to penicillins (with temocillin) and penicillin/inhibitor combinations, and low-level resistance to carbapenems, augmented by, e.g. permeability defects. The common resistance to oxyimino-b-lactams results from co-expression of ESBLs and/or AmpC-type cephalosporinases.
2 bla OXA-48/181 -like genes originate from Shewanella spp. and disseminate with mobile elements, such as bla OXA-48 -carrying Tn1999-like transposons and IncL-type plasmids, or a bla OXA-181 -carrying ISEcp1-associated transposon, Tn2013, and IncX3 plasmids. 2, 3, 5 Clonal spread of some enterobacterial lineages, such as Klebsiella pneumoniae ST11, ST101, ST395 or Escherichia coli ST38, has also been significant in OXA-48/181 proliferation. 4 The first OXA-48 producers reported in Poland in 2012 were Enterobacter cloacae ST89 from two patients from Białystok; one was described by Majewski et al., 6 whereas the second one, confirmed by the National Reference Centre for Susceptibility Testing (NRCST), was not preserved. In this study, all 
Methods

Clinical isolates
Fifty-four non-duplicate isolates (37 K. pneumoniae, 14 E. coli, and one of each Citrobacter freundii, Enterobacter aerogenes and E. cloacae complex) were collected from 52 patients in 20 hospitals in 14 Polish cities (Table 1) . These isolates were submitted to the NRCST owing to carbapenem nonsusceptibility and resistance to temocillin and/or positive Carba NP test (http://eucast.org). Species were re-identified with Vitek2 (bioMérieux, Marcy l'Etoile, France), and carbapenemase-associated phenotypes were analysed as described. 
Susceptibility testing
Susceptibility of the isolates and E. coli recombinants was tested by broth microdilution or agar dilution for fosfomycin, as recommended by EUCAST (http://eucast.org).
Results
Clinical and epidemiological data
The NRCST runs the CPE surveillance in Poland, collecting suspected isolates with basic clinical and epidemiological data. The 54 study isolates represented all 52 OXA-48/181-type cases confirmed from 2013 to January 2017, from hospitals in 11/16 major regions (Table 1 ). In 14 cases there was information on the patient's arrival from or stay in another country prior to admission (a family member in two cases), sometimes with hospitalization. The history of one patient, a victim of terrorism in Tunisia in 2015, was published previously (K. pneumoniae 1202/15). 7 Thirty-four patients developed infections, while 18 patients were colonized only.
Clonality data
The 37 K. pneumoniae isolates were grouped into 17 pulsotypes and 11 STs, of which ST395 prevailed (n " 23; six hospitals) and varied with five pulsotypes (Table 1) . A single pulsotype (ST395/ KpnN) comprised 18 isolates from four hospitals, mainly in the Cracow area, including one centre with 13 cases. Only three other K. pneumoniae pulsotypes of various STs had two isolates each. The 14 E. coli isolates were of 12 pulsotypes and four STs. E. coli ST38 was prevalent (n " 8; six hospitals) but each isolate represented another pulsotype. E. coli ST410 comprised three homogeneous isolates from a hospital in Kielce.
bla OXA-48/181 -like genes and their genetic context OXA-48/181 types were the only carbapenemases in the study isolates. bla OXA-48 was confirmed in 49 isolates, while bla OXA-181 and bla OXA-232 were confirmed in four and one isolates, respectively ( Table 1 ). The bla OXA-48 genes were located mainly in Tn1999.1 (GenBank accession number AY236073) (n " 29) and Tn1999.2 (JN714122) (n " 15) transposons. 2 However, in three K. pneumoniae isolates (ST15/KpnI and ST11) the ISEcp1 element was placed 46 bp upstream of bla OXA-48 , a configuration described for bla OXA-204 as Tn2016 (JQ809466).
14 The bla OXA-181 and bla OXA-232 genes were in Tn2013-like structures with ISEcp1 128 bp upstream of the bla OXA s (JN205800 and JX423831, respectively).
3,10 PCR mapping failed to identify the bla OXA-48 context in two E. coli ST648 isolates. In PFGE clusters with more than one isolate, all isolates had the same bla OXA gene in the same mobile element.
Plasmid versus chromosomal location of bla OXA-48/181 -like genes
Forty-three isolates of all species and multiple clones contained bla OXA-48/181 -carrying plasmids of 50-260 kb, whereas 11 isolates of E. coli ST38 and ST648, and K. pneumoniae ST336 had bla OXA-48 in the chromosome (Table 1) . Of 23 selected isolates with bla OXA-48/181 plasmids, 20 isolates produced transconjugants, and one plasmid was electroporated. The PBRT revealed mainly IncL (plasmids of 60 kb with bla OXA-48 ), followed by IncM (80-95 kb; bla OXA-48 ), IncX3 (50 kb; bla OXA-181 ) and non-typeable (90-160 kb; bla OXA-48 / -232 ) replicons. The data correlated with typing, except for two K. pneumoniae ST15/KpnI isolates with non-typeable bla OXA-48 plasmids of varying size.
Other acquired b-lactamases
All but five isolates had additional b-lactamases, the profiles of which corresponded to their genotypes (Table 1) . CTX-M-type ESBLs dominated, especially CTX-M-15 (n " 39). Only one transconjugant was resistant to oxyimino-b-lactams and had CTX-M-15 (Table S1 , available as Supplementary data at JAC Online), indicating that ESBLs/AmpCs were mostly not co-encoded with OXA-48/181 types by the same plasmids (Table S1 ).
Susceptibility
The isolates were resistant (n " 51) or intermediate (n " 3) to at least one carbapenem (Table S1) OXA-48 in Poland JAC producers were resistant to at least cefotaxime of the oxyiminob-lactams. Major groups were resistant to ciprofloxacin (n " 45), gentamicin (n " 43) or fosfomycin (n " 35), but not to colistin (K. pneumoniae, n " 15; E. coli, n " 1; mcr-1 gene not detected), amikacin or tigecycline (n " 12 each). Twenty K. pneumoniae isolates, including multiple ST395/KpnN outbreak isolates, were susceptible to agents of one or two therapeutic groups only (if at all).
Discussion
This is, to our knowledge, the first country-wide analysis of OXA-48/181-type CPE in Poland. With 52 cases reported, one nonpreserved and two from other studies, 6 ,15 the organisms have been much less frequent than in other European countries, 1,2,4 and in Poland these have been far behind CPE with NDM-or KPC-like carbapenemases. 8, 16 It is possible that due to diagnostic difficulties, 2 the NRCST OXA-48/181 records have been underestimated (of note was the relatively high-level carbapenem resistance of the isolates collected).
The analysis revealed genetic diversity of the organisms in general, likely arising from multiple foreign imports, as exemplified by 14 cases. The countries of possible origin included those with only few original or indirect OXA-48/181 reports (Russia and Georgia) [17] [18] [19] or, as far as we are aware, no internationally available data (Ukraine and Cambodia). However, five clusters of isolates resulting from on-site transmission were also discerned. The K. pneumoniae ST395/KpnN OXA-48 outbreak observed in Cracow from mid-2016 has contributed 18 cases to the overall situation. Locally, plasmid dissemination has occurred, like in Kielce, where after the E. coli ST410 OXA-181 outbreak, C. freundii ST124 OXA-181 with an IncX3-like plasmid of identical fingerprint (result not shown) was recovered.
Most of the STs observed represent international lineages, identified with various resistance determinants, including OXA-48/181 types. 1, 4, 20, 21 OXA-48-producing K. pneumoniae ST11, ST101, ST395 and E. coli ST38 of similar characteristics have spread in endemic regions and in Europe, 4, 17, [22] [23] [24] with K. pneumoniae ST395 outbreaks, for example, in France or Hungary. 25, 26 Apart from the outbreak organism, four other K. pneumoniae ST395 and eight E. coli ST38 genotypes were identified with different origins, repeatedly Egypt for E. coli ST38 as elsewhere, 4, 22 underlining the significance of these in OXA-48/181 epidemiology. The study reaffirmed the broad spread and resistance of the emerging E. cloacae complex ST78. 20, 21 The bla OXA-48/181 -like genes were located in Tn1999-like transposons and two elements formed by ISEcp1 placed upstream, Tn2013 and Tn2016. These structures mark multiple mobilizations of bla OXA-48/181 -like genes from their natural hosts. 2, 4, 10 Interestingly, K. pneumoniae ST15/KpnI and ST11 from the same hospital/region had bla OXA-48 in the Tn2016-like element. To our knowledge, Tn2016 has been observed with the bla OXA-204 gene, 14 while bla OXA-48 only in Tn1999-like transposons so far. 2 This indicates repeated mobilizations of bla OXA-48 and suggests evolution of bla OXA-204 from the Tn2016-located bla OXA-48 gene.
Conjugative pOXA-48-like plasmids of 62 kb, 27 widely observed in diverse organisms, are major factors in the dissemination of bla OXA-48 -like genes. 2, 4 These were classified into the IncL/M group, recently updated as the IncL type. 11 The prevailing 60 kb IncL-like plasmids in this study were most probably pOXA-48 variants. However, three K. pneumoniae genotypes had IncM-type plasmids of 80-95 kb. To our knowledge, this is the first report on IncM bla OXA-48 plasmids, but their presence among the previous 'IncL/M' molecules is likely. The bla OXA-181 genes correlated with IncX3-like plasmids as in other reports. 5, 24 In summary, OXA-48/181-type CPE have been relatively rare in Poland so far. Their epidemiology has comprised multiple imports, several localized transmissions, one larger clonal outbreak and plasmid transfers. The study revealed some possibly new characteristics of these organisms, including the presence of the bla OXA-48 gene in the ISEcp1 context.
